The back-electron transfer (b-ET) process in the hexamethy]benzene/tetracyanoethylene charge-transfer complex was studied by the transient absorption spectroscopy in several fluids (ethane, nitrous oxide, carbon dioxide, and trifluoromethane) from the critical density to twice of it at 323.2 K. The b-ET rate increased with increasing the solvent density, and also increased in the order of ethane, nitrous oxide, carbon dioxide and trifluoromethane, compared at the similar reduced density divided by the solvent critical density. The b-ET rates in various fluids were well correlated with the theoretical b-ET rates estimated from the analysis of the absorption spectra based on the formulation by Marcus and Jortner.
Introduction
The back electron transfer (b-ET) process from the excited state of the hexamethylbenzene/tetracyanoethylene (HMB/TCNE) charge transfer (CT) complex is considered to correspond to the highly exoergic "Marcus inverted region" . In this case, the b-ET is not directly correlated with the dynamic response of the solvent caused by the charge recombination, and the dynamical solvent effect is suppressed by the intramolecular vibrational modes of the reactants. Until now, not a few studies have been done to reveal the role of the intramolecular vibration together with the solvent relaxation on this kind of the ET process, based on the analysis of the absorption, fluorescence and resonance Raman excitation profiles for the electronic transition related to the ET process [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] . In general, however, it is difficult to separate the contribution of the solvent fluctuation from the low frequency intermolecular CT vibrations, which sometimes leads to an anomalous large estimation of the solvent reorganization energy even for non-polar solvents [2] [3] [4] . The study using a supercritical fluid as solvent is a suitable approach to answer the problem of the mode separation: i.e., in dilute gases , there should be little contribution of the solvent reorganization energy, and the effect of the solvent on the ET process can be extracted from its density dependence.
In this work we present the results on the b-ET rate in the HMB/TCNE complex in supercritical fluids using CZH6 , N20, C02, and CF3H. The b-ET rate from the excited state of the HMB/TCNE complex has been determined from the decay rate of the excited state absorption measured by the picosecond transient absorption spectroscopy.
Experimental
The apparatus for the pump-probe picosecond transient absorption spectroscopy under the high-pressure fluid has been described elsewhere [ 11, 12] . Briefly , a train of amplified output of a dye laser system (ca. 0.5 mJ at 50Hz, 583 nm, typically 3 ps) was split by a 50-50 beamsplitter for the pump and the probe beams . The probe beam was focused into a 1 cm cell of flowing water to generate a white light continuum. The white light continuum (probe beam) then passed through the high pressure optical cell with a good overlap with a pump beam. The polarization of the pump beam was rotated to the magic angle to that of the probe beam to eliminate the effect of the molecular rotation in the observed transient. The probe beam after the high pressure cell was collected to a optical fiber connected to a spectrometer (Chromex 250IS), and detected by an intensified silicon photodiode array (EG&G, OMA 1421). The signal was normalized by the reference, and the difference of the optical density (DOD) with and without the pump beam was taken at each delay time between the pump and the sample beams. A standard high-pressure optical cell with two quartz windows is used for the measurement. All experiments have been done at 323.2 K.
Results and Discussion
In fluids under study, the HMB/TCNE complex has absorption centered around 520 run. Figure 1 shows the transient absorption spectra after the photoexcitation at p, = 1.50 and 323.2 K in C02, where p, is the reduced density of solvent by its critical density. An absorption band around 430nm is due to the excited state absorption, which is ascribed to TCNE". This absorption band overlaps with ground state bleach centered around 520nm. As is shown in the figure, the absorption decay was faster than the bleach recovery. The decay of the absorption band has been [13] [14] [15] where Vel is the electronic coupling matrix element evaluated at the equilibrium nuclear geometry, oeg the energy difference between the potential minima of the excited and the ground electronic states, and Re signifies the real part of the integral. g(t) is a solvent lineshape function. The function <Oi|Oi(t)> represents the contribution of the intramolecular vibrations, which can be expressed under the assumption that all vibrational modes can be treated as harmonic and that the vibrational frequencies are the same between the excited state and the ground state as [16] , where
The value o; is the vibrational frequency of the i-th vibrational mode and A, is the dimensionless displacement between the excited state and the ground state minima along the vibrational coordinates. In a similar manner, the absorption spectrum under the present approxomation is expressed as 
For the lineshape function due to the solvent fluctuation, we simply assume the following Gaussian form:
where ƒÉs is the solvent reorganization energy. 
Conclusion
We have studied the b-ET kinetics of the HMB/TCNE CT complex in various fluids from the medium-to the high-density regions. The relative change of the b-ET rates in various solvent conditions was well simulated by the theoretical model using the gaseous phase absorption spectrum as a reference. We consider that an important feature of the solvent effect is extracted from this model. However, a very recent theoretical calcuaion suggested that two different CT states contirbute the absorption spectrum [18] . This has a possibility to explain the discrepancy presented here, and further examination will be required.
